IN the first paper of this series' it was shown that the relationship between the electromotive forces of the heart and the voltages produced by them in a given lead are completely determined by the electric field set up in the heart when a unit current is introduced into the lead. This means that to analyze the relationship between the electromotive forces and the lead voltage it is only necessary to determine the nature of the lead field. A brief discussion of various methods of studying these fields is given in this paper.
When a current is introduced into a lead the resultant flow of current through the heart produces potential differences between various points in the muscle. If it were possible to measure these potential differences, this data would furnish the desired information about the field. Unfortunately, it is not possible to do this with human subjects. For this reason it is necessary to resort to other approaches, all essentially indirect. The simpler of these approaches furnish graphic patterns in which one component of the lead field current is taken as zero. Such twodimensional patterns are easy to obtain and to interpret, and frequently give an insight into the nature of the lead which would be quite difficult to obtain from three dimensional data, since the latter cannot be conveniently represented graphically. However, unless one component of the actual lead field is small From the Department of Internal Medicine, University of Michigan Medical School, Ann Arbor, Mich. This study was made possible by a grant from the S. S. Kresge Foundation to Dr. Frank N. Wilson. 255 (as is probably the case with the standard leads) the patterns obtained from such studies cannot be used for quantitative purposes, such as estimating the accuracy of a certain interpretation of a lead. To obtain quantitative information, three dimensional studies are usually necessary. These are much more difficult than the two-dimensional ones, not only because of the extra dimension and the greater accuracy usually sought for, but also because of the difficulty in representing the data about the field in a fashion easily grasped.
In this paper both two-and three-dimensional methods for studying the fields are considered, but only the basic principle and the highlights of each method are given. For figure 2A , and should be compared with the field desired, which is sketched in figure 2B . The figure 3A is constant, while in figure 3B it is so altered that the resistance of the area representing the heart is onefourth that of the other regions of the mapper. easy to measure the lead field produced on the chest surface over the heart, and there is no question that this field reflects (to an unknown extent, unfortunately) the field within the heart itself. Such measurements can be made either by determining the potential differences produced on the chest when a current is introduced into the lead, or by measuring the voltage produced in the lead when a current is introduced into the same pair of electrodes on the chest. The reciprocity theorem insures that the same reading will result no matter which procedure is followed. Experiments of the second kind have been described by Wilson, Bryant and Johnston,5 and experiments of the first kind have been performed, but apparently not reported, by Schmitt and Levine.6 Some of the data obtained by Wilson justified.
An example of a situation of this sort was given in the first paper of this series, where the infinite homogeneous conductor was used as a model for studying the accuracy of interpreting the central terminal chest leads as "heart vector" leads. Its use might be justified by the fact that the difference between the ideal field associated with the interpretation and the actual field is probably considerably greater than the difference between the actual field and the field in the model, at least when the exploring electrode is close to the heart.
The mathematical approach is also useful in studying the over-all characteristics of leads. For example, the interesting properties of the rather unusual leads shown in figure 6 ("null" leads) may be investigated by assuming that the part of the body underneath the plane of the chest surface extends to infinity and is, in addition, homogeneous. This assumption leads to the following analysis.
When a source of current is connected to the lead shown in figure 6A , the current streams into the conductor through electrodes A and C, and out through electrodes B (1) This equation can be used to adjust the ratio of Re to R1 so that it will give a null in the field at a certain depth and thus be insensitive to electromotive forces at that point. The twodimensional approximation to the field of this lead is shown in figure 4 .
A practical, clinical version of the "null line" and "null point" leads just described can be constructed by attaching five electrodes to a single frame which can be freely moved about on the surface of the chest, and by using the central terminal as an indifferent electrode. The extent to which the actual fields would differ from the ideal fields in the semi-infinite homogeneous conductor depends upon many factors, such as the spacing of the electrodes, the effects of the ribs and subcutaneous fat, the relative resistance of the blood, heart Perhaps the most exact method for studying lead fields is by intracardiac leads through the use of catheters. In this case it is certain that the resistivity of the various organs and the shape of the body are correct. However, experiments of this sort are the most difficult to make and to interpret, particularly when a detailed picture of the field is desired. In addition, the measurements concern the field in the cavities of the heart, rather than in the muscle itself, where the electromotive forces are generated.
One experiment of this sort has been reported in the literature." Here, the current was introduced into the two electrodes on the tip of the catheter, rather than into the lead, a technic which may involve the risk of ventricular fibrillation, and should be cautiously used for this reason.
The following procedure would seem preferable. A catheter is obtained which has one electrode on its tip and another three to five centimeters behind it. This catheter is inserted 261.
into one of the ventricles and the position of the two electrodes found by means of x-ray films in the frontal and sagittal planes. (The spacing of the electrodes determined from x-ray pictures must be corrected for the flare of the x-ray beam.) Then a current of from 1 to 5 milliamperes is introduced into each of the leads being investigated and the resultant potential differences between the catheter electrodes measured with a vacuum tube electrocardiograph. Next, the procedure is repeated, with the catheter electrodes in a position as nearly as possible perpendicular to their axis in the first case. Finally, the procedure is again repeated, with the catheter electrodes in a position nearly perpendicular to the plane of the first two axes. The deflections measured this way, when properly calibrated and inserted into the formulas given in appendix III, will yield the three components of the average potential gradient in the cavity where the catheter was located. The lead field current is determined by finding the specific conductivity of the blood and multiplying the potential gradient by it.
An alternate procedure requires the construction of a catheter with four electrodes, so spaced that when the end of the catheter is curled up in the cavity the fourth electrode completes one turn.* If this is done, only one set of x-ray photographs is required, and the catheter need not be moved after it is first put into position. The formulas in appendix III may also be used in this case.
A more detailed picture of the field in the cavity can be obtained with a catheter having more than four electrodes.
In concluding this section on the use of cadavers, phantoms and catheters, it might be pointed out that the various technics can be combined. For example, by putting the excised heart of a cadaver into an electrolytic tank one can obtain more easily than with an entire cadaver a detailed picture of the field within the heart muscle itself, particularly since the resistivity of the latter probably does * The end should be curled up in a helix, such as is formed by the thread of a screw. The distance between turns (pitch) should be somewhat greater than half the diameter of the helix. not change a great deal with failure of circulation. Again, the field within the ventricular cavity of a cadaver can be studied, using the catheter technics. Or again, the procedure discussed earlier for mapping the potential differences on the chest surface might be applied to both cadavers and normal subjects with the object of showing up in this way some differences in the resistivity of figure  3A of this paper. This was done by the method outlined in appendix I and indicated an accuracy of 92.5 per cent for this particular lead.
Although the Einthoven triangle scheme may be used to determine the components of the heart vector in the frontal plane with reasonable accuracy, all leads commonly used at the moment to obtain the sagittal component of the heart vector appear to be unsatisfactory. (See fig. 2 and associated discussion.) Our studies indicate that there is only one type of lead which can be used for this purpose. It will be described in the third paper of this series.
In recent years many investigators have attempted to find whether or not different leads were alike by comparing records of the voltages produced in them by the heart. This method of studying leads may sometimes prove to be very unreliable. The electrical forces of the heart may be such that voltages in leads with dissimilar fields turn out to be alike. For example, if the direction of the heart vector were to remain vertical throughout the beat then the voltages in leads I and II would be alike, even 
